underlie the CTE, a clarification of the objectives of such a plan, and accommodations on the parts of both the CTE and the health care delivery system to accomplish those objectives.
A decade ago, the National Institutes of Health (NIH) embarked upon a major effort to reshape the future of biomedical research. This framework for change, called the NIH Roadmap (Zerhouni, 2003) , articulated a vision for clinical research in which each of more than 300 million Americans would have his or her own electronic health record (EHR). If individuals so chose (assuming appropriate privacy and confidentiality protections), the information in these EHRs could be used for research, and patients and their families would be joined together in networks that could answer critical questions about prevention and treatment. The fabric of constantly-accruing data would form the basis of a learning health system in which randomized trials could be performed by inserting randomization into the routine delivery of health care. This revolutionary approach would allow the rapid and definitive development of evidence at a relatively low cost.
Although this vision from a decade ago has not been achieved, much of it is within reach by 2020. Consolidations of service delivery and insurance organizations are changing the context of practice. Technological limitations are being overcome, disease-oriented networks and voluntary health organizations are evolving, and modern medical informatics is enabling the aggregation, classification, indexing, and analysis of information in volumes that were unimaginable a decade ago. Unfortunately, at the same time these tools are emerging, the CTE is increasingly being cordoned off from the rapidly-evolving, information-intensive world of medical practice. This paper provides a roadmap for integrating the clinical trials and health care delivery systems in ways that will improve the efficiency and effectiveness of both.
Current Status of the Clinical Trials Enterprise
The passage of the Food and Drug Administration (FDA) Amendment Act in 2007 (FDA, 2007) mandated the registration of most clinical trials involving medical products approved for use in the United States. The resulting increase in the number of trials registered and the quality of the information provided to entities such as ClinicalTrials.gov has afforded us a new opportunity to assess the state of the overall CTE.
When we examine these data, several significant patterns are manifest. First, the vast majority of clinical research comprises tiny trials performed on small numbers of patients (62 percent of studies plan to accrue fewer than 100 participants; 96 percent have a projected accrual of <1,000) (Califf et al. [in review] ). Second, the majority of trials are sponsored by academic health centers (AHCs) and are focused on disease mechanisms, or are phase 1 and 2 studies sponsored by industry. The majority of research participants, however, are enrolled in industrysponsored phase 2, 3, or 4 trials that are fewer but larger in size and increasingly globalized (Glickman et al., 2009 ). Third, relatively few trials are asking questions that directly address critical decision points in clinical practice.
A typical clinical trial today depends on the recruitment of investigators who, in turn, recruit trial participants and oversee the conduct of the research protocol. There is, however, no assurance that the recruited participants are sufficiently representative of broader populations to allow generalization of trial results. Further, these trials are often conducted at professional clinical trial sites that produce clean data, but at the cost of divorcing the trial from clinical care. At the same time, we now have multiple integrated health systems, including not only well-known health management organizations (HMOs) and the Department of Veterans Affairs (VA) system, but also numerous integrated health systems (IHSs) that possess data warehouses capable of supporting the selection of research participants in a much more systematic fashion.
These problems are compounded by a decline in the number of U.S. investigators, while at the same time the total number of clinical trials worldwide has nearly doubled in the last decade (Getz, 2005) . This decline also coincides with a rapid expansion of the offshoring of clinical research activities, a particularly worrisome trend (Califf, 2011; Kim et al., 2011) . In this context, "offshoring" of trials refers to the movement of research away from the United States purely because of the excess cost and difficulty of conducting research domestically, including long startup times, slow recruitment, and high rates of non-adherence and withdrawal of consent. Offshoring is not a synonym for globalization, which allows many countries and cultures to participate in research and which we regard as a positive development for all diseases. Globalization of clinical research can be particularly beneficial when the research addresses neglected diseases (Bollyky, 2011) or major chronic diseases that may have a different outcome or treatment effect with different genetic backgrounds or patterns of clinical care than those found in the United States.
Offshoring is a concern because it diminishes synergies between basic and clinical research that are vital to translational research, and because it weakens the interface with industry that speeds advances in drugs and devices made available to the American public. Furthermore, research performed in different populations or under different conditions may not be fully generalizable unless particular care is taken. And while the NIH Roadmap vision calls for a seamless and efficient integration of research and practice, in reality we see that the focus on efficiency in practice has led to the view that research is a source of additional expense and burdensome administrative and regulatory commitments (Califf, 2009) . At the same time, when clinical research is not integrated with practice, its focus on efficiency in isolation from other factors distances it further from the environment crucial to producing generalizable results.
PART I: ORGANIZATION OF HEALTH SERVICES IN 2020
This section describes our vision of the health systems of 2020. In health services, demography is destiny. At the largest scale, demographic patterns drive a substantial portion of the demand for services. Less obvious, however, is the manner in which American demography mandates the organization of the services that respond to that demand, how and by whom services are paid for, and who provides the services. The U.S. Census Bureau estimates that by 2020 there will be more than 341 million Americans, of whom nearly 55 million (16 percent) will be 65 years of age or older. Among these will be an estimated 135,000 centenarians (U.S. Census Bureau, 2008) . The population of the country as a whole will be ethnically diverse; this will be especially true for those under the age of 20. Most patient and provider interactions will take place in the context of managing chronic conditions-chiefly depression, cancers, cardiovascular disease, diabetes, arthritis, asthma, and Alzheimer's disease.
Throughout their lifetimes, most Americans will either be enrolled in or anticipating enrollment in an IHS that will provide all or nearly all of their health care. By 2020, there will be substantial but uneven progress toward establishing the IHS as the dominant form of health care organization, particularly in urban settings. Elements of IHS implementation will be in place in most communities.
The typical IHS is community hospital-centered and oriented toward providing primary care. Integration is driven by enrollment, bundled payment, EHRs, and standardized health care. It serves an enrolled (i.e., defined) population. It is further defined by the scope of and coordination among the comprehensive services that comprise its network, including directly owned or contracted multi-specialty medical group practices, ambulatory care centers (including imaging, walk-in "retail" clinics, employee wellness facilities, rehabilitation centers, etc.), home health agencies, nursing homes, extended care facilities, and hospital-and home-based hospice services within its primary service area. Most IHSs are affiliated with local public health departments and community health centers. All IHSs have collaborative agreements with AHCs for education and research support. The IHS and/or affiliated group practices serves as the locus of medical homes and accountable care organizations.
Integrated health care organizations and their affiliated service organizations either employ or contract with a substantial majority of health care providers, including physicians, nurses, advanced-practice nurses, physician assistants, clinical social workers, and psychologists. Pharmacists are engaged in provider and patient counseling across the system. Although IHSs provide comprehensive data, patients/customers and their families switch from one IHS to another, with the result that interoperability is an indispensible characteristic of any viable data system.
Health care professionals have a strong sense of identity with the IHS, which is the focus of much of their professional activity. There is also a high degree of alignment between system objectives and professional expectations and roles that is achieved through recruitment, position and role description, promotion, remuneration, and incentives. The objective of implementing a culture of patient-centered care through the optimal deployment of appropriate competencies is reflected in the organization of teams that respond to the patient's changing needs.
The EHR can be characterized as the clinical and administrative core of the IHS. It is designed to meet both administrative and clinical needs and employs nationally standardized interoperability and nomenclature. The scope of "meaningful use" of EHR technology has been expanded to embrace and incentivize research. Empowered by virtualization, the EHR is designed to enable preventive, clinical, and supportive services throughout an enrollee's life. The development and maturation of EHR technologies promise to make practicable the application of genetic information to medical practice. The EHR is also designed to provide the continuous aggregate data that are essential for assessing the health of the enrolled population, continually improving the quality of care throughout the IHS, and supporting clinical research and professional education. Of paramount importance, however, is the fact that the EHR enables the system, the provider, and the researcher to follow up with the patient over time. Large population-based realtime evidence is the product of aggregated health system databases. Randomization is facilitated through super computer-based virtually-integrated information systems that merge administrative and clinical data from multiple sources. The virtually-integrated networks, spanning providers and payers, make it possible to enroll individuals in trials and to follow them going forward. The magnitude of the databases and the power of the tools make possible analyses that are responsive to the cultural diversity of the study populations.
The EHR is first initiated when the patient enrolls or enters any of the component organizations and services. Integrated with web-based mobile technology, the EHR "follows" the patient home, issuing reminders and monitoring compliance, as well as capturing incidents and wellness indicators (FasterCures, 2005) . In 2020, there is wide public recognition that research is an integral component of community-based practice. The basic compact between the patient and the provider community is that every patient is a potential contributor to research. It is assumed that the patient record may be used for research in a de-identified data system. The patient-oriented part of the EHR is owned by the patient and is accessible only by the patient or by family members and providers to whom the patient grants access. Special permission is required to use such information in research projects that could potentially identify the individual.
The maintenance and improvement of professional competence is an objective of all IHSs and defines them, in the terms of an earlier IOM report, as "learning health systems" (IOM, 2011a) . The formal relationships with providers across all participating settings as well as the aggregate clinical and administrative data generated by the EHR provide the foundation for feedback and for rigorous and sustained continuing education. Every health care delivery site is a learning site, providing continuing health education (CHE) that includes point-of-care reminders, links to clinical practice guidelines, and other online resources. This is in addition to traditional CME activities that are at once targeted to the objectives of the IHS and to the need for education where it is most effective-the point of patient engagement.
In 2020 the professional specialty societies, providing leadership for knowledge, are one of the most influential factors moving research participation into the definition of successful practice. Research participation is highlighted and promoted in the educational programs, publications, and recogitions of the societies. The societies support research directly by maintaining registries of clinical experience to which they have unique access and through fellowships that enable community-based practitioners to gain research experience. Boardcertification requirements recognize research and particularly translation skills.
Academic health centers are integrally related to IHSs. The missions and priorities of AHCs have been clarified to distinguish between those with a substantial investment in basic and translational research, and those that are primarily focused on education and service. The more comprehensive of the former have been designated as academic health science systems (AHSSs) (Dzau, et al. 2010) . All AHSSs are organized to serve as research sites for enrollment in observational studies and interventional trials. All IHSs are affiliated with an AHC, which could be an AHSS, which serves them as a resource for education and clinical research through an affiliated IHS office or department. In most cases, the affiliated academic centers have access to the IHS databases for the purpose of maintaining registries and conducting collaborative projects.
A fundamental element undergirding mature electronic health and medical records is the application of an ontology that permits the same terms to be used for describing clinical phenomena and for billing; they also form the basis for quality measurement and for providing adjustments for severity of illness when efficiency measures are assessed. These same terms will also constitute the fundamental "vocabulary" for both observational research databases and randomized controlled trials (RCTs). When needed, additional data elements are added for more detailed investigation and randomization is applied to the record. While the nation has yet to reach this envisioned state of health system integration and effective use of the EHR, the implementation of national health care reform legislation and the efforts of organizations to display their accountability for health care outcomes and costs will likely bring us closer to this stated vision.
PART II: THE FUTURE OF CLINICAL RESEARCH
Controlled clinical trials are the essential cornerstone of modern evidence-based medical care and health practice. Although multiple types of information are needed to fully inform practice, the interventional clinical trial (ICT) plays a particularly critical role. When we view scientific studies as a continuum, we see that they are translated into treatments through a series of steps, beginning with preclinical research that evolves into early-phase clinical trials designed to assess safety and demonstrate proof-of-concept for on-target and off-target effects. Successful interventions (drugs, devices, behavioral strategies) are next evaluated using controlled trials to determine whether the balance of risks and benefits merits the marketing of the technology or intervention. When such studies are robust, practice guidelines can be developed to guide clinical decision making; when they are definitive, guidelines can be distilled into performance measures to assess the quality of practice. At the heart of this paradigm is the measurement of process and outcomes, combined with the use of the measurement system to guide continuous education of practitioners and to assess therapeutic deficits that require new interventions to overcome.
When the effects of an intervention are modest (as is typically the case), randomization provides the most reliable method for determining the true effect of the intervention compared with an alternative. The first known description of an interventional trial is Lind's 18th-century account of using fruit to combat scurvy (Lind, 1753) . Following Fisher's pioneering demonstration of randomization in a series of agricultural experiments in the 1920s (Fisher, 1926) , the first randomized clinical trial was conducted by the British Medical Research Council to evaluate streptomycin for tuberculosis in 1946 (Medical Research Council, 1948) . In the 1960s the NIH became the dominant force in developing clinical trials methodologies (Coronary Drug Project Research Group, 1973) and in 1962, following passage of the Kefauver-Harris Drug Amendments, the FDA took the position that efficacy must be established prior to the marketing of drugs (FDA, 2006) . As a result of these developments, the RCT was adopted as the standard by which efficacy was determined. Soon, regulatory agencies in other countries joined in, and the majority of research participants were enrolled in trials sponsored by industry and intended to develop or evaluate drugs or devices. In the 1990s the CTE globalized, spurred by the simultaneous expansion of medical technology development together with the global need to understand the effects of health interventions (as well as any associated economic and scientific benefits) in all societies.
A major problem in the field of clinical research is the current absence of a standard ontology that adequately encompasses its activities, rendering it difficult to characterize the state of the enterprise. Common metrics must be based on common definitions so that valid comparisons can be made and policy decisions are based on solid evidence. This problem is illustrated by the multiple definitions of the term "clinical trial." For the purposes of this report, we have adopted the definition used by the ClinicalTrials.gov registry: "biomedical or health-related research studies in human beings that follow a pre-defined protocol. Interventional studies are those in which the research subjects are assigned by the investigator to a treatment or other intervention, and their outcomes are measured" (National Institutes of Health, 2007) . This broad definition thus includes nonrandomized interventions but excludes registries that simply measure practice, as well as research confined to databases. As the clinical research ontology develops, better classification will be key to accurately measuring the progress of the enterprise by comparing the same types of studies and methods over time.
Currently, more than 330 clinical trials are registered every week with the ClinicalTrials.gov registry, which now contains data on more than 110,000 studies. In reviewing data from ClinicalTrials.gov, the CTE is revealed as highly complex, with research studies fulfilling a wide variety of purposes (see Table 1 , p. 18). As we noted earlier, the majority of clinical trials are small, conducted in AHSSs, and sponsored either by the federal government (typically through the NIH) or funded internally by the academic organization. However, the vast majority of pa-tients are enrolled in industry-sponsored trials, due to academic trials' small size and the fact that they are typically not intended to inform practice; rather, academic trials are oriented toward elucidating biological mechanisms or developing pilot data. However, industry resembles academic research in one respect: it conducts many more small, early-phase trials than it does large studies intended to inform practice. While trials are conducted in all disease areas, the distribution is dominated by cancer, cardiovascular medicine, and mental health. Both across disease areas and within specialty areas, it is clear that trial portfolios do not match public health or community medical practice needs in terms of either magnitude or urgency.
Historically, the United States has been a dominant presence in clinical research, but there is growing concern that the enterprise is in decline. There is ample evidence that U.S. trials are becoming more expensive (DeVol et al., 2011) . Worse, 90 percent fail to meet enrollment goals, and additional evidence points to disillusionment among American investigators (Getz, 2005) . The rate of attrition among U.S. investigators is increasing, even among experienced researchers with strong track records of productivity, while 45 percent of first-time investigators abandon the field after their first trial. The system has become so inefficient that even the NIH is offshoring clinical trials at a substantial rate (Califf, 2011; Kim et al., 2011) , using taxpayer funding to conduct trials in countries with less expensive and more efficient CTEs, despite concerns about generalizability as noted above.
While the CTE is in decline in the United States, the need for trials, paradoxically, is increasingly well-recognized. Recent reports indicate that fewer than 15 percent of major recommendations in clinical practice guidelines in infectious disease (Lee and Vielemeyer, 2011) and cardiovascular disease (Tricoci et al., 2009 ) are based on solid evidence. Recent failures to perform proper trials have led to public health hazards after drugs were developed and marketed without proper supporting evidence. The wide-scale use of antiarrhythmic drugs provides a sentinel example: the CAST Trial (Pratt and Moye, 1990 ) demonstrated that a treatment that was being used to prevent death was actually causing excess mortality. Similarly, hormone replacement therapy (HRT) was thought to reduce cardiovascular disease until the HERS Trial (Hulley et al., 1998) and the Women's Health Initiative (Rossouw et al., 2002) demonstrated an excess hazard for cardiovascular events with HRT. Most recently, high-dose erythropoietin appeared to provide substantial benefit in anemia related to renal failure and cancer, and clinical practice guidelines touted its use. But when controlled trials were finally done, high-dose erythropoiesis-stimulating agents were found to cause excess cardiovascular events (Bennet et al., 2008; FDA, 2011; Pfeffer et al., 2009; Singh et al., 2006) . Never has the need for properly controlled interventional trials been so clear.
The decline of the U.S. CTE has been noticed by other countries, which are moving rapidly to fill in the gap. The United Kingdom has recently published a national strategy aimed at gaining a larger market share of clinical trials (The Academy of Medical Sciences, 2011) and has made research a primary mission of the National Health Service. Canada has developed a national plan (Canadian Institutes of Health Research, 2011) and China and India are focused on increasing their participation in clinical trials (Gupta and Padhy, 2011; Jia, 2005) . At the same time, many countries are providing incentives for industry to locate clinical trials in their countries.
As we note above, we regard globalization of clinical trials as an important positive trend, but the motivating factor should be to provide population-and culture-specific medical evidence to inform local practice. If globalization takes place merely because the United States cannot enroll research participants or has priced itself out of the market, the net result may prove negative.
Having countries assume a low-cost vendor status in circumstances where their own populations may not benefit from the research is also troubling from an ethical perspective.
Substantial evidence indicates that the fundamental problem is not rooted in the attitudes of the U.S. public. Although there appears to be variation among socioeconomic and ethnic groups, the public in general places high value on both research in general and clinical research in particular. The majority of Americans report that they would either certainly or most likely participate in research if asked (Getz, 2011) . Additionally, an overwhelming majority of those who participate in clinical trials find them to be a positive experience and report that they would do it again. Rather, the problem is not with people but with the health care system-patients are not being asked to participate and many barriers exist (IOM, 2011b) .
Because of these challenges, we believe that the CTE can and must be improved and integrated with the evolving health care delivery system as part of an essential evolution toward the learning health system envisioned by the IOM (2007). The CTE can be envisioned as four overlapping enterprises, which we refer to as "laboratories" to emphasize the vast needs that remain to be addressed by the continuing evolution of the entire system. These laboratories share a common fabric of methods, but are different enough that specialized training and education will be needed, intensive methodological work will be required, and investments must be made to produce results that can revolutionize our understanding of how to better prevent, manage, and treat disease.
The Innovator's Lab
The majority of clinical trials will continue to enroll small numbers of research participants to address biological hypotheses, to develop initial evidence about the mechanisms of action of drugs, devices, and other interventions, or to develop preliminary evidence of their risk-benefit profile. We believe that the world of phase 1 units and academic studies must be combined into a much more effective approach to human systems biology. This new system should be highly networked, enabling researchers to leverage major advances in genetics, genomics, and biomarkers.
Because studies of biological mechanisms and early studies of new therapies require intensive measurements in human volunteers, these studies should be performed in an environment separate from the health care delivery system. Recent evaluation has implicated both a failure to fully engage the biological target of therapy as well as "off-target" effects in the high rate of attrition characteristic of early-phase trials. Also, when late-phase failures are evaluated, off-target effects frequently emerge as the cause. Systems biological measurements, in which multiple biological outcomes can be monitored simultaneously, promise better characterization of on-target effects as well as better identification of off-target effects.
The environment for this type of research should be intensive in terms of highly qualified staff and sophisticated data-management capabilities. Because the studied populations will either be 1) normal volunteers or 2) patients with a disease of interest exposed to a new drug or device and/or undergoing intensive measurement, the most effective environment will likely be found within a hospital with advanced emergency care, imaging, and data capabilities.
Currently, these types of studies are either done in commercial "phase 1 units" or academic medical centers funded by the Clinical and Translational Science Awards (CTSA) program (CTSAs, 2011). However, phase 1 units lack sophisticated technologies for measuring biological mechanisms and are typically not collocated within a hospital. Academic centers are limited as well: they typically have inefficient units that are focused on specific investigator needs and not on throughput and sponsor needs.
The Traditional Lab
Even under the new system, there will still be a need for traditional trials designed to determine the efficacy of an intervention or to assess the balance of risks and benefits in carefully defined populations. Although these studies are labor-intensive and expensive, they are indispensible in determining whether a technology has any significant effect compared with placebo or standard treatment. In some cases, these studies should be done in the context of clinical care (e.g., when research participants are acutely ill). In other circumstances, they can be done in stand-alone research centers designed to effectively administer experimental treatment and collect extensive data on efficacy measures and adverse events.
There is overlap between the traditional lab and the health care delivery lab, especially in comparative-effectiveness research (CER). As the demand for comparative evidence grows, so too will the need for trials with pragmatic features that are carefully controlled, may be blinded, and are performed in the context of clinical practice (Eisenstein et al., 2008; Tunis et al., 2010; Yusuf et al., 2008) .
One example of the first type of efficacy study can be seen in the setting of acute myocardial infarction (AMI). Patients presenting in the midst of a life-threatening emergency such as AMI must be enrolled in studies while at the same time receiving urgent medical care. For at least the first 1,500 patients enrolled on a trial of a new treatment, there must be intensive collection of adverse events to ensure that an unexpected toxicity (or benefit) is not occurring.
An example of the second type of efficacy study would be a trial of a new treatment for seasonal allergies, in which there is no reason to burden the health care delivery system with people who can elect to participate in a trial of a less serious condition. While this type of study could be done in primary care practices, it might also be done most efficiently in standalone research centers divorced from the pressures of the practice environment. As trials methodology advances, the efficiency afforded by a study site outside of clinical practice must be weighed against the generalizability of the findings.
The Health Care Delivery System as Laboratory
The central premise of this paper is that achieving the highest potential of clinical research depends upon the incorporation of clinical research into the broad scope of practice of health care delivery. Doctors, nurses, and other providers should regard it as their business to generate evidence as well as to translate it into practice. This research should include evaluation of the risks and benefits of technologies, the assessment of methods of delivering interventions at the point of care, as well as organizational aspects of health care.
The critical need for knowledge to guide diagnosis, assessment, and treatment of disease cannot be met by the current divided system, with its redundant domains for personnel and data collection. We have a significant window of opportunity arising from the development of EHRs and the drive to collect well-defined data for quality improvement and population health endeavors. If data from integrated health systems can be used for clinical trials as well as quality improvement/population health, the incremental cost of clinical trials could be reduced significantly.
In addition to the development of standardized data collection and ontologies, this transformation requires the adoption of and financial support for knowledge generation as a fundamental value of the health care delivery system. Providers, as well as patients and their families, must be made aware of the cost in lives and disability that inevitably accompanies failure to define benefits and risks in the context of health care. If we successfully cultivate this awareness, obtaining consent and inserting randomization into the treatment paradigm will not be regarded as an impediment to efficiency; instead, they will be viewed as essential elements of ethical and appropriate health care delivery. The immediate results of such a fundamental change to the system will be a dramatic increase in the amount and quality of evidence available to inform practice, combined with a fine-tuning of the system to achieve best practices as a matter of course.
As mentioned above, there is overlap between the traditional lab and the clinical practice lab in the area of CER. These regions of overlap will evolve further as data warehouses are used to conduct postmarketing studies of drug and device safety (Behrman et al., 2011) .
The Community Engagement Lab
Many interventions that have a potentially great impact on health either do not involve the health care delivery system or do so only peripherally. Daunting questions about disease prevention, managing a healthful lifestyle, and living with chronic illness require the application of a variety of methods, but clinical trials should be an element of the repertoire.
One important type of study will formally assess approaches to prevention or behavioral intervention in chronic disease. While the health care delivery system may be involved, the majority of a given intervention may well take place in homes, schools, or neighborhoods. This research will require adoption of principles of community engagement, so that the needs of individuals and their communities are understood, allowing them to participate with full knowledge of the methods and rationales for specific clinical trials.
An essential method in this major area of research will be cluster randomization, an approach that randomly allocates "units" to different interventional strategies. These units may include clinics, hospitals, neighborhoods, or communities. Cluster randomization may provide the most efficient method for determining optimal public health policies.
A new and rapidly evolving approach to clinical trials is being developed by voluntary health organizations and other entities that have pioneered using the Internet for this purpose, without significant health delivery system involvement or control. In fact, the use of patient-reported outcomes (PROs), both through voluntary health organizations and through IHS records, provides a basis for incorporating subjective elements into the research paradigm, so that the impact of interventions on quality of life can be assessed in a systematic, generalizable manner.
PART III: SPECIFIC STEPS TO ACHIEVE THE VISION: THE INNOVATOR'S AND TRADITIONAL LABS
Revival of these arenas in the United States will depend upon successful reinvigoration of the NIH's clinical research efforts and the development of effective public-private partnerships to drive research. The newly formed National Center for Advancing Translational Sciences (NCATS) (Collins, 2011) has the potential to catalyze the many elements of the system that must be combined to achieve successful transformation. In particular, the Innovator's Lab would be stimulated by networking of the former general clinical research centers (GCRCs) and the development of a common informatics infrastructure, with core technologies available for assessing systems biology and linking phenotypic information with genomic and physiological data.
The Traditional Lab should be rejuvenated by linking more efficient traditional research-site functions with the evolving health care delivery lab. Given the higher cost of labor in the United States, the only way to remain competitive in this arena is through innovation in data collection and study procedures. Of note, recent findings demonstrating heterogeneity in treatment effects as a function of the country of enrollment (Mahaffey et al., 2011; O'Connor et al., 2011; Simes et al., 2010) have led the FDA to require more U.S. enrollment for studies of products intended for domestic marketing, so success in this arena is a critical element of the overall plan. Simply offshoring this research is not a viable approach to informing the U.S. population of the best choices with regard to treatment and diagnostic strategies.
How the Vision Can Be Achieved Through the Integrated Health System as Health Care Delivery Laboratory
It is both possible and essential that we expand participation in controlled clinical trials in a cost-effective manner, ensuring that such research reflects the general population, their providers, and the range of settings in the health care delivery system of 2020. However, success will require a new approach to the partnership between the CTE and the health care delivery system, one that builds on the centrality of the emerging IHSs and their access to community-based practitioners and hospitals. Expanding the base of clinical research to include many if not most of the non-academic IHSs will result in important contributions to the vitality of service-delivery systems and to the richness of professional practice in all of the participating entities.
In addition to nurturing clinician research, these Health Care Delivery Laboratories will facilitate the translation of research from the bedside to community practice. And they will also stimulate essential feedback from community practice to academic research, with community-based clinicians being encouraged to initiate and participate in knowledge development. In addition, they will enhance the professional development of clinicians across integrated systems and increase community engagement and support. These learning organizations will provide health professions students with the opportunity to observe the professional and practical benefits of participating in clinical research across the full spectrum of practice settings.
A Practical Roadmap to Implementation
Direction and commitment on the part of health system leadership will be essential to forging this new partnership. Both IHS governance and management leadership must understand and communicate the value added by explicitly building research into the mission, objectives, and strategies of the organization; further, they must be charged with shaping a supportive culture. Their message is that participation in clinical and system-improvement research is an essential dimension of the social compact among the health care delivery system, health care providers, the public, and the scientific enterprises that serve them. We recognize that this definition of scope of practice to include research is disruptive. That is the point. We cannot continue a practice and education pattern that is not optimally responsive to, or aligned with, the needs of science and society.
Research in this context is broadly defined to include clinical trials, but also embraces "a much broader range of investigative methods. These methods include epidemiological observations, clinical observations, quasi-experimental evaluations of natural experiments, time series experiments, case studies of apparently successful projects or organizations, rapid-cycle learning and qualitative studies, either alone or as mixed studies in combinations with quantitative studies" (Kottke et al., 2008) . It includes health services and operations research to improve the qualitative and economic performance of the system.
A typical health system mission is "to provide quality of care to the community and contribute to medical knowledge." An example of a specific priority objective of many systems might be to build specialty-service lines such as cardiology and oncology with the aim of becoming the leading center in the region. Participating in research, including clinical trials, is a realistic strategy toward accomplishing that objective, and may in fact be a prerequisite of success.
Incorporating research as a core element of a health system's mission, objectives, and strategies will enhance the system's stature and attract political, community, and financial support. It will also expedite the recruitment of practitioners and other employees who aspire to be associated with an organization at the leading edge of health care development.
A supportive infrastructure, aligned with a culture that values research and education, depends upon the commitment of clinical leadership to implement a research business plan. An important objective of the plan is to provide potential research sponsors with a single portal to the system-one that is responsive to their needs and facilitates system-wide access to practitioner investigators.
A well-developed business plan will address specific goals, resources and their allocation, and the timeline for implementation. It will address how the system will communicate with patients to establish the expectation that they may be invited to participate in clinical research. It will address how the organization can identify, reduce, or remove impediments to practitioner participation and overcome the understandable reluctance of busy providers to engage in the research process.
Research business plans may be implemented at the level of the integrated delivery system, affiliated physician groups, and other community-based entities, or all three, if those entities are well-coordinated. There are medical groups, not affiliated with an academic medical center, that are implementing successful research business plans that focus on clinical trials. These community-based sites, or networks, can enter into agreements with research institutes and contract research organizations (CROs) to recruit patients and implement clinical trial protocols. These groups are profitable and have high levels of practitioner participation and patient enrollment and indicate that active clinical practices outside of an academic medical center can successfully add clinical trials to their business plans. We can advance the vision of this paper's Practical Roadmap by looking to these groups as learning laboratories.
Small systems and medical groups may establish leadership by broadening the Chief Medical Officer role to include responsibility for research development and possibly for education. Others may create a new position of Research Director, while more complex systems may establish a Research Institute or Department. The designated research leader can encourage practitioners to become involved in research by conducting "tentative ideas" seminars, offering methods coaching, and arranging for mentoring.
The research objective will be further enhanced over time by building research promotion and support into the position descriptions of department heads, practice directors, and chairs, so that individuals are recruited into the organization with that expectation. The incentive system in a community hospital-based system can be designed to recognize research participation, including providing supplementary income and the opportunity for protected time.
Customer-friendly administrative support is a major factor in encouraging investigatorinitiated clinical research, as well as expanding practitioner participation in government-and industry-supported clinical trials. Such support includes assistance in proposal writing, ethical review, privacy questions, grant administration, IRB relationships, incident reporting, data management and reporting, and preparation of publications.
Some start-up investments are of course necessary. Assuming that the sponsor's business plan includes appropriate reimbursement, it is likely that a robust clinical research program will be self-supporting, if not profitable. Modest strategic investments will attract and stimulate practitioner interest. These may include small seed grants for proposal development, research assistants, and attendance at meetings. A small fund would also support participation in networks and collaboratives.
The IHS will further its research objectives by celebrating the research participation and accomplishments of practitioner researchers. The national goal of expanding Health Care Delivery Labs will be enhanced if the research initiatives of community-based practitioners in integrated delivery systems lead to those practitioners being recognized as "clinical research associates," thereby positively differentiating them from their peers. Participation in clinical trials and other research can be a focus of presentations within the system and provide a basis for communications to the community, enhancing the message that their health system is a learning organization.
PART IV: IMPLEMENTING THE RESEARCH AGENDA
This vision of disruptive innovation, one that is necessary to transform the challenged 2011 CTE into the robust CTE of 2020, generates researchable questions to be addressed with alacrity by the health services community. These questions reside largely in the domain of health services research (HSR), which has been defined as "a multidisciplinary field of inquiry, both basic and applied, that examines the use, costs, quality, accessibility, delivery, organization, financing and outcomes of health care services" (IOM, 1995) .
As implementation of the integrated community-based health system model proceeds, the following questions are examples of the research agenda that is called for:
 What are successful cases of securing health system cultural change and system-wide buy-in?  What are the specific impediments to change in organizational culture?  How have each of the impediments been managed?  What are the financing and costing alternatives and their implications?  How have the systems that have adopted a research agenda organized to implement it?  What are the characteristics of community medical groups and practitioners that participate actively in clinical research?  What approaches to enlisting practitioner participation are most successful?  What approaches to securing trial enrollment and participant retention are most successful in the community practice setting?
 How have community-based research programs succeeded in engaging culturally and linguistically diverse populations?  How can participation in clinical trials be successfully extended into chronic disease care settings?  How can clinical trials be organized to maximize practitioner participation?  What are successful methods of achieving public engagement?  How have systems, hospitals, and medical groups that are engaged in research developed the necessary workforce competencies?
Summary
The United States faces a pressing need for a revitalized clinical trials infrastructure. But rather than attempting to optimize clinical trials conduct independently of health care delivery, we recommend that clinical trials and clinical care be integrated into the learning health system. The rapid evolution of integrated health systems provides a natural vehicle for accomplishing this goal, using electronic health records aggregated at the health system level and beyond. The one major exception to this approach should be for intensive biological research that we envision as taking place within a system of Innovator's Labs connected by sophisticated informatics and strategic technology investments. The continuation of standardized control trials in the Traditional Labs and the development of Health Care Delivery Labs embedded within integrated health systems will provide a major improvement in the quantity, quality, and generalizability of clinical trial results (see Figure 2 , p. 21). Community Engagement Labs will need to be expanded to conduct critical trials outside of traditional health care delivery systems. Intense efforts will be needed in order to understand the requirements for an effective national system capable of interdigitating with developing global systems, including efforts focused on workforce development, economic analysis, and concrete operational plans.
The vision described in this paper for the future of clinical research will require improved alignment among patients, payers, and providers with respect to the implications of research and the choices of each stakeholder regarding receiving, funding, or providing specific services. Assuming that such alignment among stakeholders can be attained, the financial incentives to improve care, avoid waste, redundancy, and unnecessary services could result in better health outcomes, moderation of cost increases, and the opportunity for a jointly financed research and development engine to provide for continuous measurement, innovation, and improvement across the health care continuum. Given the fragmented nature of the American payer and provider landscape, a national "clinical research tax" applied to health care premiums could be a potential source of the funds needed to fuel the research and development engine envisioned in the integrated health care and clinical trials enterprise of the future. Some of the savings enabled by continuous quality improvement in health care could also lower the costs of care and premiums paid by patients, or at the least moderate their continued increase.
The authors developed this paper in the context of the IOM Forum on Drug Discovery, Development, and Translation's 2-year effort to assess the current status of the clinical trials enterprise and to put forward a plan to assure a robust and optimal future for clinical research. The consequences of the problems in the extant system are clear and the need to address them is urgent. There is a compelling opportunity to effectively address the gap between the research enterprise and the delivery system in the near future. We suggest attention to the development of a national agent that will bring the stakeholders together and catalyze the essential realignment of organizational mission and system-wide incentives. 
FIGURE 2
This figure depicts the current segmentation of clinical trials enterprise in the United States (top graphic) contrasted with the authors' vision of the potential future organization of clinical trials (bottom graphic) built around the maturation of research in integrated health systems (IHSs) and community sites. Arrows below each figure depict the clinical research continuum from basic research to improved health. Blue circles indicate IHS-connected community research labs (the fourth type of lab described in this paper). These labs grow in size but stay small in number through mergers and acquisitions in the health system sector. At the same time, community engagement labs not affiliated with an IHS, shown in brown, would be connected to core traditional labs shown in green. These community labs would become larger and more common. Some are all-encompassing, such as the entire city of Rochester, New York. 
